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BACKGROUND AND PURPOSE: The long-term outcome of aneurysmal coil embolization has
not been determined. We retrospectively analyzed the results of our cases treated with detach-
able coils and evaluated the long-term stability of embolized aneurysms.

METHODS: This study involved 100 aneurysms in 93 patients who underwent follow-up
angiography >3 months after initial treatment between December 1993 and December 1999.
The percentage of the coil volume occupying the aneurysm lumen (embolized volume) was used
as an index to evaluate the stability of embolized aneurysms. The reliability of the embolized
volume was also evaluated by comparing angiographic percentage occlusion.

RESULTS: Follow-up angiographic assessment was conducted 12 � 8.5 months after initial
treatment. Angiographic evaluation of percentage occlusion at initial treatment did not always
predict long-term stability of embolized aneurysms. Of 49 aneurysms judged as being totally
occluded at initial treatment, 44 remained unchanged and five showed recanalization. The
embolized volume of unchanged aneurysms was 30.8 � 10.2%, and that of recanalized aneu-
rysms was 19.9 � 10.6%. There was a significant difference between these two groups (P � .03).
Of 29 subtotally occluded aneurysms, nine had further thrombosis (embolized volume � 31.8 �
12.7%), nine remained unchanged (embolized volume � 23.2 � 10.3%), and 11 had recanali-
zation (embolized volume � 14.1 � 6.1%). The mean embolized volume of 11 recanalized
aneurysms was significantly lower than in the thrombosed group and the unchanged group (P �
.002 and P < .001, respectively). Large aneurysms tended to have recanalization more fre-
quently (59%) than did small aneurysms (15%).

CONCLUSION: There is a significant correlation between embolized volume and stability of
embolized aneurysms. Embolized volume is a more objective index than is subjectively angio-
graphic percentage occlusion. In addition to angiographic assessment, measurement of embo-
lized volume could be useful to predict angiographic changes of aneurysms.

During the last decade, endovascular coil emboliza-
tion has become accepted as an effective method for
the treatment of intracranial aneurysms (1–11). This
technique was initially introduced as a means of treat-
ment for patients at high surgical risk: those with
aneurysms located in the posterior circulation or
paraclinoid region, those with poor clinical status due
to subarachnoid hemorrhage, those with a coexisting

medical condition, or those of extremely old age. As
the efficacy and safety of this treatment have become
known (1, 2, 4, 5, 8–11), indication for aneurysmal
coil embolization has become widespread, and this
technique is performed as a primary therapy at some
institutes. However, several questions remain regard-
ing advances in endovascular treatment using detach-
able coils. The long-term outcome of aneurysmal coil
embolization is one of the big questions and is not
well defined. Several articles report aneurysm recan-
alization, coil compaction, or subsequent rebleeding
during early short-term follow-up (1, 4, 5, 9, 12–16). It
is true that some of the embolized aneurysms with
detachable platinum coils cannot keep the shape of
embolized coils for a long term. However, it is not
well known how much percentage occlusion can pre-
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vent recanalization of the embolized aneurysm. In
this study, we evaluated the long-term angiographic
stability of embolized aneurysms using embolized vol-
ume (17), which is the objective index to show the
percentage of coil volume occupying the aneurysm
lumen.

Methods

Patient Population
One hundred eighty-seven patients with 201 cerebral aneu-

rysms were treated with detachable platinum coils between
December 1993 and December 1999. This study involved 100
aneurysms in 93 patients who underwent follow-up angiogra-
phy �3 months after initial treatment. One hundred one an-
eurysms in 94 patients were excluded from this study because of
the following reasons. Twelve aneurysms in 12 patients, all of
which were unruptured aneurysms, could not be embolized
because of their wide necks. Three of the 12 aneurysms were
treated by surgical clipping, and the other nine were followed
without any treatment. Eighteen patients with 18 aneurysms
died before undergoing follow-up angiography: six as a result of
rebleeding, four as a result of initial brain damage, two as a
result of vasospasm, two as a result of cardiac failure, and two
as a result of other nonrelated diseases. Sixty-eight patients
with 71 aneurysms had not yet undergone follow-up angiogra-
phy at the time of this writing but were scheduled to do so.
Twenty-five patients with 28 aneurysms refused to undergo
follow-up angiography. Sixteen patients with 18 aneurysms had
not been examined because of their medical conditions. Twen-
ty-three patients with 25 aneurysms had moved to another
place, and we were not able to contact them. Therefore, the
remaining 100 aneurysms in 93 patients were evaluated in this
study.

The study population was composed of 66 women and 27
men. The mean age of the patients at the time of presentation
was 56 years (range, 23–80 years). Sixty-three of 100 aneurysms
were unruptured, and the other 37 were ruptured. Sixty-three
aneurysms in 60 patients were discovered incidentally by an-
giography or MR angiography that was performed for unre-
lated medical conditions. Thirty-three patients suffered from
subarachnoid hemorrhage. Three of the 33 patients had mul-
tiple aneurysms (two aneurysms in each of two patients and
three aneurysms in one patient). These aneurysms were in-
cluded in the ruptured aneurysms, because we could not de-
termine which aneurysm caused the subarachnoid hemorrhage.

Indication for Aneurysm Treatment
Selection of patients for coil embolization rather than sur-

gical clipping was conducted by consultation between vascular
neurosurgeons and interventional neurosurgeons. The indica-
tion for coil embolization of unruptured aneurysms included
anticipated technical difficulty of clipping (32 aneurysms in 32
patients), refusal of surgery (30 aneurysms in 28 patients), and
old age (one patient, 73 years old). The indication for coil
embolization in cases of subarachnoid hemorrhage included
anticipated technical difficulty of clipping (22 aneurysms in 21
patients), difficulty of detection of the responsible aneurysm
(five aneurysms in two patients), poor medical condition (seven
aneurysms in seven patients), attempted surgical exploration
(two aneurysms in two patients), and old age (one patient, 80
years old).

Description of Aneurysm
Aneurysm Location.—Seventy-seven (77%) aneurysms were

located in the anterior circulation and 23 in the posterior
circulation. Of the 37 ruptured aneurysms, 21 (57%) were in
the anterior circulation and 16 (43%) in the posterior circula-

tion. Of the 63 unruptured aneurysms, 56 (89%) were in the
anterior circulation and seven (11%) in the posterior circula-
tion (Table 1).

Size of the Aneurysms.—Seventy-one aneurysms (47 unrup-
tured and 24 ruptured aneurysms) were small (�10 mm max-
imal diameter), 27 (14 unruptured and 13 ruptured aneurysms)
were large (10–24 mm), and two unruptured aneurysms were
giant (�25 mm).

Size of the Neck.—A neck diameter �4 mm is defined as a
small neck. A neck size �4 mm is defined as a wide neck.
Fifty-seven (57%) aneurysms (36 unruptured and 21 ruptured
aneurysms) had small necks, and 43 had wide necks. All large
and giant aneurysms had necks �4 mm in diameter.

Embolization of Aneurysms
Interlocking detachable coils were used for the embolization

of 16 aneurysms (nine unruptured and seven ruptured aneu-
rysms) between December 1993 and February 1997. Guglielmi
detachable coil (GDC) systems (18) have been used for aneu-
rysmal embolization since March 1997. The embolization pro-
cedure was performed with the patient under general anesthe-
sia. Systemic heparinization (5000 U of bolus and then 1000
U/h) was used throughout the procedure and was reversed in
all patients with ruptured aneurysms by the injection of
protamine sulfate. In all patients with unruptured aneu-
rysms, systemic heparinization was continued for 24 h after
embolization.

The size of the aneurysm in three planes (height, length, and
width) was measured by digital subtraction angiography or by
using a ruler, and the volume of the aneurysmal sac before
embolization was calculated. Aneurysms were embolized with
detachable coils by packing as densely as possible. The embo-
lization was stopped when angiographically complete oblitera-
tion was achieved, when the last coil could not be introduced
inside the sac, or when occlusion of the normal branch next to
the aneurysm might occur. Percentage occlusion at the end of
the procedure was evaluated by embolized volume (17). Em-
bolized volume was calculated by using the following algebraic
equation: embolized volume � (volume of the embolized
coil) / (volume of the aneurysm). The volume of the coil is
calculated approximately on the supposition that the coil is a
cylinder. The algebraic equation to calculate the volume of the
coil is as follows: volume of coil � � � (diameter of coil / 2)2

TABLE 1: Aneurysm location

Aneurysm Location

No. of Aneurysms (%)

Ruptured Unruptured

Anterior circulation 21 (58) 56 (89)
ICA 11 42

Paraclinoid 1 25
PCoA 7 15
AchA 0 1
Bifurcation 1 1

ACA 8 7
MCA 2 7

Posterior circulation 16 (43) 7 (11)
BA tip 6 3
SCA 6 1
PICA 2 1
PCA 2 2

Total 37 63

Note.—ICA, internal carotid artery; PCoA, posterior communicat-
ing artery; AchA, anterior choroidal artery; ACA, anterior cerebral
artery; MCA, middle cerebral artery; BA, basilar artery; SCA, superior
cerebellar artery; PICA, posterior inferior cerebellar artery; PCA, pos-
terior cerebral artery.
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� length of coil. The primary diameter of each type of coil is
published by Boston Scientific, Target (Fremont, CA). The
volume of the aneurysm is also approximately calculated based
on the supposition that the aneurysm is ellipsoid: (volume of
the aneurysm � 4� / 3 � (width / 2)2 � (length / 2)2 � (height
/ 2)2.

The rate of occlusion as measured by angiography was clas-
sified as follows: total occlusion when the sac and neck were
densely packed in any projection, subtotal occlusion when the
sac was occluded but there was suspicion of a neck remnant or
there was an obvious tiny neck remnant, and partial occlusion
when there was loose packing and/or persistent opacification of
the sac or neck remnant.

Angiographic Follow-up Studies
Each patient was scheduled for follow-up angiography at 3

to 6 months, 1 year, and 2 to 3 years after treatment. Recur-
rence was defined as an increase in the amount of contrast
material filling the aneurysm compared with the angiographic
appearance of the aneurysm at the end of treatment, which was
classified as an unstable aneurysm. An aneurysm was classified
as stable at follow-up if the degree of occlusion was unchanged
or had improved compared with the end-of-treatment study.

Statistical Analysis
All values are expressed as mean � SD of the mean. Stu-

dent’s t test was used for statistical analysis. P � .05 was
considered significant.

Results

Immediate Angiographic Evaluation
Total obliteration was achieved in 49 aneurysms

(47 of 71 small aneurysms and two of 27 large aneu-
rysms). Subtotal occlusion was obtained in 29 aneu-
rysms (nine of 71 small aneurysms, 18 of 27 large
aneurysms, and two giant aneurysms), and partial
occlusion was achieved in 22 aneurysms (15 of 71
small aneurysms and seven of 27 large aneurysms).

Relationship between Angiographic Percentage
Occlusion and Embolized Volume

Seventy-eight aneurysms were shown to have total
or subtotal occlusion on angiograms obtained at the
end of the procedure. The mean embolized volume of
49 aneurysms that were totally obliterated on the
angiograms was 29.6 � 10.7%. That of 29 subtotally
occluded aneurysms was 22.4 � 12.1%. On the other
hand, the mean embolized volume of 22 aneurysms
showing partial occlusion was 17.2 � 7.2%. Statistical
significance between the totally occluded group and
the subtotally occluded group (P � .007) and between
the totally occluded group and the partially occluded
group (P � .001) was observed. No significant differ-
ence existed between the subtotally occluded group
and the partially occluded group (P � .07). However,
there seemed to be a correlation between angio-
graphic assessment and embolized volume. The mean
embolized volume of small aneurysms showing per-
centage occlusion of �90% on the angiograms was
30.3 � 10.4%. On the other hand, that of large and
giant aneurysms was 16.7 � 8.2%. The embolized

volume of large and giant aneurysms was significantly
lower, even if these aneurysms were shown to have
satisfactory obliteration on angiograms.

Relationship between Frequency of
Recanalization and Embolized Volume (Table 2)

Follow-up angiographic assessment of the degree
of occlusion was made at 12 � 8.5 months after initial
treatment. Twenty-eight (28%) of 100 aneurysms
were observed to be unstable. Of the 57 small aneu-
rysms with small necks, six (10.5%) were unstable.
The embolized volume of the unstable aneurysms was
20.4 � 8.9%. On the other hand, the embolized vol-
ume of the stable aneurysms was 30.5 � 8.9%. A
significant difference between these two groups (P �
.03) was observed. Five (35.7%) of 14 small aneu-
rysms with wide necks were shown to be unstable. The
embolized volume of unstable small aneurysms with
wide necks was 16.7 � 11.4% and that of stable
aneurysms was 26.9 � 10.9%. Although unstable an-
eurysms tend to have low embolized volume percent-
ages, no statistical significance existed between these
two groups because of their small number. Of 27 large
aneurysms, 15 (55.6%) were unstable. The embolized
volume of unstable large aneurysms was 12.9 � 5.7%.
On the other hand, that of stable aneurysms was
20.2 � 8.2%. The embolized volume of unstable large
aneurysms was significantly lower than that of stable
ones (P � .012). Both of two giant aneurysms that
were partially thrombosed showed recanalization af-
ter embolization. The embolized volume percentages
were 17.3% and 21.7%, respectively.

Comparison between Angiographic Evaluation
and Embolized Volume during Long-Term

Follow-up
Long-term angiographic evaluation is summarized

in Tables 3, 4, and 5. No aneurysmal recanalization
was observed in 44 (90.0%) of 49 totally occluded

TABLE 2: Embolized volume of aneurysms

Size of Aneurysm

Embolized Volume (%)

Stable Aneurysm Unstable Aneurysm

Small (n � 71)
Small neck (n � 47) 32.5 � 9.8 19.3 � 7.3
Wide neck (n � 13) 27.7 � 11.4 17.4 � 10.3

Large (n � 27) 20.2 � 8.2 12.9 � 5.7

TABLE 3: Correlation between initial angiographic percentage
occlusion and long-term stability in small aneurysms

Initial Angiographic
Result of Treatment

Stability of Aneurysm on
Follow-up Angiogram

Stable Unstable

Total (n � 47) 43 4
Subtotal (n � 9) 9 0
Partial (n � 8) 8 7
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aneurysms (Table 5). The embolized volume of these 44
stable aneurysms was 30.8 � 10.2%. Five of 49 showed
mild coil compaction, and the embolized volume of
these five aneurysms was 19.9 � 10.6%. The embolized
volume of the stable aneurysms was significantly higher
than that of unstable aneurysms (P � .03). Of the 29
subtotally occluded aneurysms, nine (31%) showed fur-
ther aneurysm thrombosis, nine (31%) remained angio-
graphically unchanged, and 11 (38%) showed aneu-
rysmal recanalization due to compaction of the coils.
The mean embolized volume percentages of these
three groups were 31.8 � 12.7%, 23.2 � 10.3%, and
14.1 � 6.1%, respectively. The mean embolized vol-
ume of the recanalized aneurysms was significantly
lower than those of the thrombosed and the un-
changed aneurysms (P � .0004 and P � .02, respec-
tively). No small aneurysm with subtotal occlusion
showed recanalization regardless of embolized vol-
ume (Table 3). Seven of nine small aneurysms and
two of 18 large aneurysms with subtotal obliteration
had further thrombosis (Tables 3 and 4). Of the 11
aneurysms showing recanalization, only one large an-
eurysm received additional embolization. The other
10 aneurysms were followed conservatively because
their recanalizations were minimal. Of the 22 partially
occluded aneurysms, total obliteration was achieved
in seven (32%) and three remained angiographically
unchanged on the follow-up angiograms. The mean
embolized volume of these stable aneurysms was
20.5 � 4.8%. On the other hand, the mean embolized
volume of 12 unstable aneurysms was 15.4 � 8.2%
(Table 5). Each of two cases underwent second em-
bolization, and the other 10 aneurysms were treated
conservatively. When the line of demarcation of em-
bolized volume was drawn at 25%, 88% of the aneu-
rysms with an embolized volume �25% remained
angiographically unchanged.

Discussion

The endovascular treatment of an intracranial an-
eurysm using a GDC system was performed in 1990
(18), and its use has become widespread. According
to the publication of data that provides efficacy and
safety of endovascular embolization using detachable
coils (1–11), indication for this technique has been
extended to aneurysms that previously would have
been treated by surgical clipping, although random-
ized data have not been published.

On the other hand, coil embolization is a relatively
new treatment modality, and several questions re-
main. One of the big questions regards stability of the
occlusion with detachable coils and efficacy in pro-
viding protection against growth or regrowth of an-
eurysms and consequent bleeding. In recent years,
several authors reported long-term follow-up of an-
eurysms treated with detachable coils (1, 2, 5, 8–12).
According to their reports, aneurysmal recanalization
and/or regrowth is apt to occur in cases of large
aneurysms or in cases of aneurysms that were incom-
pletely occluded at initial treatment. However, angio-
graphic evaluation is very subjective, and it is very
difficult to quantitatively assess percentage occlusion
of the aneurysms. Our data show that angiographic
assessment at initial treatment was not enough to
evaluate actual and objective percentage occlusion of
embolized aneurysms. Forty-nine aneurysms were
judged to be totally occluded at initial treatment in
this study; however, five of them showed recanaliza-
tion on follow-up angiograms. The embolized volume
of the five unstable aneurysms (19.9 � 10.6%) was
significantly lower than that of the stable aneurysms
(30.8 � 10.2%). For the 29 subtotally occluded aneu-
rysms, the embolized volume of the unstable aneu-
rysms was significantly lower than that of the stable
aneurysms (P � .001). These results show that recan-
alization can occur in embolized aneurysms with
lower embolized volumes, even when angiographic
evaluation at initial treatment is good. Comparing
small aneurysms and large/giant aneurysms, the em-
bolized volume of large/giant aneurysms was signifi-
cantly lower, even if these aneurysms showed satis-
factory obliteration on angiograms. Considering these
results, embolized volume is a useful and objective
index that may predict the outcome of an embolized
aneurysm.

When the line of demarcation of embolized volume
was drawn at 25%, the incidence of recanalization
was significantly lower in aneurysms with embolized
volume percentages �25%. This may indicate that
the mark of embolized volume to obtain long-term
stability of embolized aneurysms is 25%. Therefore, it
is important to select adequate coils for achieving this
embolized volume percentage before or during em-
bolization. However, there were few large aneurysms
that could achieve this embolized volume percentage.
This may be the main reason that recanalization oc-
curred frequently in large or giant aneurysms. Other
reasons for low embolized volume percentages in
large and giant aneurysms are considered.

TABLE 4: Correlation between initial angiographic percentage
occlusion and long-term stability in large and giant aneurysms

Initial Angiographic
Result of Treatment

Stability of Aneurysm on
Follow-up Angiogram

Stable Unstable

Total (n � 2) 1 1
Subtotal (n � 20) 9 11
Partial (n � 7) 2 5

TABLE 5: Comparison between angiographic evaluation and
embolized volume during long-term follow-up

Initial Angiographic
Results of Treatment

Embolized Volume (%)

Stable Unstable

Total (n � 49) 30.8 � 10.2* (n � 44) 19.9 � 0.6 (n � 5)
Subtotal (n � 29) 27.5 � 12.1† (n � 18) 13.7 � 6.0 (n � 11)
Partial (n � 22) 20.5 � 4.8 (n � 10) 15.4 � 8.2 (n � 12)

* P � .03.
† P � .0001.
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One of the reasons may be that the materials of
embolic agents are solid. As the solid coil is inserted
into the aneurysmal lumen, it piles up and parts of the
coil cross each other, causing dead space that cannot
be filled by the coils. The more coils are used, the
more dead space is increased in the aneurysm lumen.
Although many coils are used, isolated spaces may be
created by the coils themselves. These spaces lead to
a decrease in the embolization rate. Satoh et al (17)
examined embolization rates using aneurysm models
made of glass tubes. They showed that the maximum
embolized volume was 32.0% to 33.3%, even though
the aneurysms were packed as tightly as possible with
platinum coils.

The limitation in the size of the helix of a coil may
also cause a decrease of embolized volume. GDCs are
manufactured with four primary wire diameters
(GDC 10, GDC 10 soft, GDC 18, and GDC 18 soft).
Because the maximum diameter of the helix of a
GDC 10 is 10 mm, however, an aneurysm �10 mm
needs to be treated using a GDC 18 system or an
interlocking detachable coil system, which has helical
diameters �20 mm. A GDC 18 coil or an interlocking
detachable coil is thicker and stiffer than a GDC 10
coil, which may not allow the coil to better adapt to
the aneurysmal shape or to the remaining space
within a partially coiled aneurysm. These may also
lead to more “dead space,” which may decrease em-
bolized volume.

The size of the aneurysm neck influences emboli-
zed volume. In our study, all large and giant aneu-
rysms had wide neck diameters (�4 mm). This may
be the third reason for the decrease of embolized
volume. Zubillaga et al (19) showed complete aneu-
rysm occlusion in 85% of small neck aneurysms and in
15% of wide neck aneurysms. Viñuela et al (11)
reported that complete obliteration could be ob-
tained in only 31.2% of small aneurysms with wide
necks. Debrun et al (12) also showed that absolute
neck diameter significantly affects morphologic per-
centage occlusion. They reported that aneurysms with
neck diameters �5 mm had a lower rate of complete
occlusion and a higher rate of neck regrowth. The
aneurysms with wider necks allowed prolapse of the
coil into the parent artery that led to the prevention
of complete occlusion.

Several ideas are considered to make up these
weak points of embolization for large and/or wide
neck aneurysms. Graves et al (20) described the im-
portance of packing the inflow zone of an aneurysm
for the durability of aneurysm obliteration. When
coils are well placed in the inflow zone of an aneu-
rysm, there is a greater chance that the immediate
post-treatment percentage occlusion will persist or
even increase than if the inflow zone is poorly coiled.
New devices that may be useful for embolizing large
aneurysms and/or those with wide necks are being
developed. 3D GDC is one of the newly developed
materials. Soft coils and intracranial vascular stents
could be helpful in attaining better outcomes (21, 22).
The “remodeling technique” that was initially pro-
posed by Moret et al (23) is also useful for improving

outcomes in cases of embolized aneurysms. This tech-
nique consists of remodeling the arterial wall by tem-
porarily inflating a nondetachable balloon in front of
the neck of the aneurysm during each coil placement.
Moret et al (23) and Cognard et al (3–5) summarized
their results. They did not measure the size of neck
but evaluated the ratio between the sack and neck
diameter. In their article, the frequency of total oc-
clusion did not differ according to the sack-to-neck
ratio when they used the remodeling technique (5).
On the other hand, there are some problems with this
technique, including the necessity to use various cath-
eters and devices, making this procedure very com-
plicated and increasing the chance of thromboem-
bolic events. When the balloon is inflated near the
perforating arteries, cerebral ischemia may occur.
Aneurysmal rupture may be caused by the increased
pressure in the aneurysm. The available diameter of
the balloon is then limited to 4.0 mm, and the balloon
would need to be overinflated to transiently occlude
the internal carotid artery at the level of the aneurysm
neck. Overinflation increases the risk of balloon fail-
ure, either by rupture of the balloon or by loss of the
wire’s ability to occlude the distal lumen (12). Expe-
rience and skill of the physician are needed. Because
of these problems, the use of this technique should be
carefully considered.

It is very interesting that some of the subtotally
embolized aneurysms at the end of initial treatment
showed total obliteration on the follow-up angio-
grams. This may be because of further aneurysmal
thrombosis. However, this phenomenon was mainly
observed in the small aneurysms, especially in small
aneurysms with small necks. On the other hand, fur-
ther aneurysmal thrombosis could not be expected for
large or giant aneurysms because of their lower em-
bolized volume. Hayakawa et al (8) reported similar
results, that postembolization angiography revealed
progressive thrombosis in 50% of small aneurysms
with small necks and in 25% of small aneurysms with
wide necks. They also showed that further thrombosis
was not observed in large and giant aneurysms.
Therefore, careful follow-up with angiography or MR
angiography should be performed for large aneu-
rysms after coil embolization. When recanalization
occurs, additional treatment, such as re-embolization,
surgical clipping, or parent artery occlusion, should
be performed if necessary.

Conclusion

The long-term stability of aneurysms embolized
with detachable coils was evaluated by using emboli-
zed volume. A significant correlation between embo-
lized volume and stability of embolized aneurysms
existed. Embolized volume was a more objective in-
dex than was subjectively angiographic percentage
occlusion in evaluating the long-term stability of em-
bolized aneurysms. Embolized aneurysms with lower
embolized volume percentages tended to have re-
canalization. In addition to angiographic assessment,
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measurement of embolized volume could be useful to
predict angiographic changes of aneurysms.
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